INTRODUCTION
The reliability of future supplies of so-called strategic minerals is of concern to many nations.
This widespread concern has led to duplication of effort in the gathering of information on the world's major sources of strategic mineral materials. With the aim of pooling such information, a cooperative program named International Strategic Minerals Inventory (ISMI) was started in 1981 by officials of the governments of the United States, Canada, and the Federal Republic of Germany. It was subsequently joined by the Republic of South Africa, Australia, and the United Kingdom.
The objective of ISMI reports is to make publicly available, in convenient form, nonproprietary data and characteristics of major deposits of strategic mineral commodities for policy considerations in regard to short-term, medium-term, and long-term world supply. This report provides a summary statement of the data compiled and an overview of the supply aspects of natural graphite in a format designed to be of benefit to policy analysts and geologists. Knowledge of the geologic aspects of mineral resources is essential in order to discover and develop mineral deposits. However, technical, financial, and political decisions must be made and infrastructure must be constructed before ore can be mined and processed and the products transported to the consumer; the technical, financial, and political aspects of mineral-resource development are not specifically addressed in this report. The report addresses the primary stages in the supply process for natural graphite and includes only peripheral considerations of natural graphite demand.
The term "strategic minerals" is imprecise. It generally refers to mineral ore and derivative products that come largely or entirely from foreign sources, that are difficult to replace, and that are important to a nation's economy, in particular to its defense industry. Usually, the term implies a nation's perception of vulnerability to supply disruptions and of a need to safeguard its industries from the repercussions of a loss of supplies.
Because a mineral that is strategic to one country may not be stnitegic to another, no one list of strategic minerals can be prepared. The ISMI Working Group decided to commence with chromium, manganese, nickel, and phosphate. All of these studies, plus the studies of platinumgroup metals, cobalt, and titanium have now been published. Additional studies on graphite (this report), vanadium, tin, tungsten, lithium, and zirconium have been subsequently undertaken.
The data in the ISMI natural graphite inventory were collected from April 1984 to August 1985. The report was submitted for review in November 1987. The information used was the best available in various agencies of the countries that contributed to the preparation of this report. Deposits (or districts) are selected for the inventory on the basis of their present or expected future contribution to world supply. Records for all deposits compiled by ISMI participants meet this general "major deposit" criterion and are included in the inventory. 4 The ISMI record collection and this report on natural graphite have adopted the international classification system for mineral resources recommended by the United Nations Group of Experts on Definitions and Terminology for Mineral Resources (United Nations Economic and Social Council, 1979; Schanz, 1980) . The terms, definitions, and resource categories of this system were established in 1979 to facilitate international exchange of mineral-resource data; the Group of Experts sought a system that would be compatible with the several systems already in use in several countries. Figure 1 shows the U.N. resource classification used in this report. This report focuses on category R1, which covers reliable estimates of tonnages and grades of known deposits. The familiar term "reserves," which many would consider to be equivalent to r1E or RlE, has been interpreted inconsistently and thus has been deliberately avoided in the U.N. classification.
It should be noted that, generally, until a deposit has been extensively explored or mined, its size and grade are imperfectly defined. In many cases, deposit size will prove to be significantly larger, sometimes even several times larger, than was established when the decision to mine was made. Experts with a sound knowledge of a deposit and its geologic setting might infer that the deposit extends beyond the bounds reliably established up to that time. Tonnage estimates for such inferred extensions fall into category R2. For major deposits, ISMI records show R2 estimates in the few cases for which they are readily available. Category R3, postulated but undiscovered resources, is not dealt with in this report. Mining recovery from an ore body depends on individual conditions and may vary considerably, typically in the range of 7 5 to 90 percent for underground Economically Subeconomic exploitable *The capital "R" denotes resources in situ; a lower case "r" expresses the corresponding recoverable resources for each category and subcategory. Thus, r1E is the recoverable equivalent of R1E. This report deals only with R1 and R2, not with R3.
FIGURE 1.-United Nations resource categories used in this report (modified from Schanz, 1980, p. 313). metal mining; that is, 10 to 25 percent of the in-place resources cannot be extracted.
USES AND SUPPLY ASPECTS
Graphite is one of two naturally occurring crystalline forms of carbon; the other is diamond. Graphite occurs as a mineral (natural graphite), but it can also be produced synthetically (as synthetic graphite, electrographite, or manufactured graphite). Sometimes, for example in melting of iron ore or ferroalloys, it is a byproduct. In accordance with the goal of the International Strategic Minerals Inventory, this report deals only with natural graphite.
THE MINERAl GRAPHITE
Graphite usually occurs in the form of platelet-shaped crystals, although needle forms have been observed in deposits such as those in Sri Lanka. The crystal lattice of graphite consists of layers of hexagonally arranged carbon atoms. The two structural varieties of graphite, 2H and 3R, result from the manner in which these layers are stacked ( fig. 2 ). Variety 3R is rarer than 2H, but the two often occur together. Graphite variety 3R, which makes up as much as 30 percent of some occurrences, is important in some applications. The platelet form and excellent basal cleavage of most graphite is due to its structure of layers of continuous networks of planar hexagonal rings. The physical properties of graphite are listed in table 1.
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Only a very small proportion of the carbon in the Earth's crust is present in elementary form as either graphite or diamond. Most carbon is contained in carbonate rocks, such as limestone, and in organic matter, bituminous rock, and fossil fuels. A schematic diagram of the geochemical cycle of carbon and the processes that can lead to the formation of graphite is shown in figure 3 .
Nearly all nonelementary carbon in the Earth's crust and probably most graphite is biogenic in origin. Non biogenic carbon, of juvenile origin, can be identified in a few cases: examples of such carbon are diamond; graphite in basic and ultrabasic rocks, in meteorites, and in some pegmatites; some carbon dioxide present in volcanic gases; and carbon in certain carbonates found in hydrothermal veins and in carbonatites. 
3R
FIGURE 2.-Arrangement of carbon atoms in the hexagonal (2H) and rhombohedral (3R) unit cells.
NOMENCLATURE, COMMODITY SUBTYPES, AND QUALITY CRITERIA
Terms used in industry for the ores and concentrates from different types of graphite deposits as well as the main processing methods are compiled in table 2. Unfortunately, some expressions are used in more than one sense. The term "amorphous" graphite is a misnomer commonly used in industry for "cryptocrystalline" or "microcrystalline" graphite that can only be distinguished with the aid of a microscope. Misunderstanding may further result because the terms "crystalline" and "amorphous" are used ambiguously. For example, fine-grained graphite concentrates ("dust" or "flying dust" with a crystal size of >200 mesh) are defined as "amorphous graphite" in some trade statistics. A useful boundary between crystalline and amorphous graphite is the resolution capability of the unaided human eye: 0.04-0.07 mm, or 400 to 200 mesh. The 4 crystal size of amorphous graphite (0.0001-0.01 mm) is normally well below this limit. Therefore, in ...
C02
.. • Ash content • Type and amount of volatile matter.
Toughness, tenacity Crystal form, boundaries.
• Content of sulphur and phosphorus. Gliding properties, lubricity Presence of gangue minerals (especially sulfides and abrasive silicates). Chemistry of the ash such amorphous graphite, individual crystals cannot be distinguished, and the metallic luster typical of crystalline graphite is not present.
The major physical, chemical, and mineralogical properties given in table 3 provide important criteria for the suitability of a graphite or graphite ore for industrial applications. Detailed descriptions of the properties and the methods of determining them are given in special monographs, such as Mantell (1968) or Reynolds (1968) .
Mineral composition of the ash.
The applicability of a particular graphite product for a specific use is normally investigated in semiindustrial pilot tests.
USES OF NATURAL GRAPHITE
Although there are materials that may be able to compete with graphite in a few applications, the unique combination of physical and chemical properties ( 
Carbon products (such as electrical brushes)--------
Manufactured graphite Crucibles, retorts, stoppers, sleeves, and
Quantity of suitable graphite is decreasing.
Scrap of manufactured graphite, calcined coke, olivine, zircon.
Lubricants-------------------+ + + + + Sometimes Greases, molybdenite Major uses in applications possible where greases or molybdenite would not withstand thermal and chemical conditions.
Coal, scrap of manufactured graphite.
ite (especially crystalline flake) for industrial applications generally excludes the possibility of substitution by other materials. Demand for natural graphite in the United States according to type (crystalline or amorphous) and use in selected years from 1960 to 1986 is given in table 5. Corresponding figures are not available for other countries. It may be assumed, however, that aside from steel production, a similar structure exists in the other western industrial countries. Graphite consumption appears to be a function of level of industrial development within individual countries. High-grade graphite is in demand for specialized applications, but specifications are less critical for most heavy industrial purposes.
As seen in table 5, the following structure is probable for graphite demand in industrial countries for 1986: more amorphous graphite is used than crystalline graphite, and the heaviest demand for graphite occurs in refractories (31 percent), followed by foundries, brake linings, and lubricants (each with about 11 percent), and steelmaking crucibles, batteries, and pencils (with about 6 percent each). Other uses, including carbon products, powdered metals, and rubber, account for the remainder.
Crucibles, retorts, stoppers, sleeves, and nozzles.-In the United States (table 5), the most important application for crystalline flake graphite was for crucibles and related products such as retorts, stoppers, sleeves, and nozzles; recently, however, refractory applications have taken precedence. Use of crucibles has been dropping as metal production has declined, as larger crucibles have replaced smaller crucibles, and as bulk melting has removed the need for a crucible. Also, the amount of graphite used in crucibles has been reduced with the partial shift from the traditional clay-graphite crucible to the silicon carbidegraphite crucible that uses less graphite. Growth in production of steel-related continuous-casting ware, such as alumina/graphite shrouds, has partly offset lack of demand for graphite for crucibles and will probably lead to the crucibles and related products regaining some of their market share. Western industrial countries are following these U.S. trends. However, if crucible-using metal production increases, use of graphite in crucibles could also rise. In other countries, use in crucibles remains the major application, or one of two major applications, for crystalline flake graphite.
Foundry applications.-Graphite's use as a facing is by far its most important application in the foundry. In this application, graphite and a small amount of clay, which serves as a suspension agent, are mixed in a carrier, such as water, alcohol, or a chlorinated hydrocarbon, to produce a paintlike foundry facing. This facing is applied as a thin coating to mold surfaces thus providing a clean and easy mold release of the metal casting. Both amorphous graphite and low-quality crystalline flake graphite can be used; however, synthetic graphite powder, coke, talc, mica, or zircon may be substituted.
Refractories.-In the United States (table 5) , the major application for amorphous and crystalline flake graphite is now in refractories where it increases durability, erosion resistance, thermalshock resistance, and thermal conductivity. The growth in refractory-related use of amorphous graphite occurred earlier, while the growth in this use of crystalline flake graphite was mostly after 1980. While sizable amounts of amorphous graphite are used in shaped refractories such as bricks, Batteries ----------N.r. Crucibles, retorts, stoppers, sleeves, and nozzles------ Pencils-------------
Refractories -------N.r. Total------ --11   34  45  13  34  46  18  30  48  17  18  35 much more is used in plastic and castable (unshaped) refractories, principally gunning and ramming mixes. Almost all the crystalline flake graphite for refractory applications goes into carbon-magnesite brick. This trend results from the development of new techniques and processes in iron and steel production, beginning with the commercial appearance of gunning and slinging several decades ago and then development of carbon-magnesite brick almost a decade ago. Since newer plants operate at higher temperatures and under more extreme conditions, refractories had to be upgraded. Changes will continue, as shown by the recent appearance of new alumina/ graphite refractories and flame gunning and flame spraying. New applications are expected to lead to an overall increase in graphite consumption.
Other advanced industrialized countries are believed to have a similar use pattern, although western Europe appears to consume a higher proportion of crystalline flake graphite than the United States.
Steel production.-Graphite has several uses in steel production. In the United States, these applications include recarburizing (increasing the carbon content of steel), use as a material around stopper rods or around nozzles when hot metal is poured into an ingot mold, and even use in the mix for making steel parts by powdered metallurgy. Recarburizing can be accomplished by using petroleum coke, synthetic graphite powder or scrap, and anthracite, in addition to natural graphite. The lowest priced form of pure carbon is usually the one used. Thus, usage can shift from natural to synthetic graphite or petroleum coke and back. In the United States, natural graphite presently has only a minor part of the recarburizing market. More than 10 times as much synthetic graphite is used for recarburizing, and very large amounts of petroleum coke are also used. Practice varies from country to country; Japan is said to use large amounts of amorphous graphite in recarburizing. A few countries, such as Austria and North Korea, use low-grade graphite instead of coke in blast furnaces.
Lubricants.-Graphite's properties allow it to be used as an excellent lubricant, either as a dry powder or mixed with oil or water. Owing to the unique combination of this lubricating effect with other physical and chemical properties that persist even at high temperatures (for example, low chemical reactivity, low coefficient of thermal 8 expansion, high thermal conductivity, and low friction coefficient), natural graphite is irreplaceable for applications in which other lubricants such as molybdenum disulfide would degrade. Graphite used as a lubricant should be of high purity (>97 percent carbon) and free from abrasive components. Mostly synthetic and natural crystalline flake graphite and some Sri Lankan lump graphite are used for this purpose.
DISTRIBUTION OF GRAPHITE DEPOSITS AND DISTRICTS
The world map in figure 4 shows the location of 90 major natural graphite deposits and districts in the ISMI graphite inventory. Names and numbers of the individual deposits are listed in table 12 of Part II.
Graphite occurs in two distinctly different geologic environments: (1) as a result of metamorphism and (2) in basic or ultrabasic rocks as phenocrysts (flakes). All flake, lump and chip, and amorphous graphite deposits being mined today are the products of metamorphism. Minable occurrences of graphite in basic or ultrabasic rocks are unknown.
Metamorphic environments may produce either syngenetic or epigenetic graphite deposits. Characteristics of graphite from metamorphic rocks are listed in table 6. Syngenetic graphite mineralization is known in practically all metasedimentary sequences associated with both regional and contact metamorphism. The origin of syngenetic graphite has been generally accepted for at least 100 years. Syngenetic deposits are composed of graphitized coal beds or other highly carbonaceous sedimentary rocks or graphite in other metasediments such as schists, gneisses, and marbles.
Graphitized coals form when coal is converted to fine-grained (amorphous) graphite by contact metamorphism from the emplacement of igneous rocks in close proximity to coal-bearing rocks (Weis and others, 1981) . Such graphite, which sometimes shows a gradation from coal to graphite along strike and often contains relict anthracite, may be composed of 45 percent to over 90 percent fixed carbon. Examples of graphitized coal deposits include deposits of amorphous graphite such as those in Sonora, Mexico; Kureika, Siberia; Kaiserberg, Steinmark, Austria; Pinerolo, Italy; most of the occurrences in Korea; and the •20,22
_, ' 9.'':. occurrences of the metamorphosed Ecca coal in South Africa. Syngenetic graphite deposits in siliceous metasediments and, to a lesser extent marbles, are the major commercial sources of crystalline flake graphite; these deposits may also contain amorphous graphite. They form when original detrital organic material is graphitized during regional metamorphism of the host shales, sandstones, and limestones (Weis and others, 1981) . Syngenetic graphite is an accessory or trace mineral in practically all metasedimentary sequences associated with both regional and contact metamorphism. Examples of syngenetic graphite deposits in siliceous metasediments and marbles are Reindeer Lake, Saskatchewan; Burnett, Texas; Ashland, Alabama; Kigluiak Range, Alaska; deposits in Madagascar; deposits in Kenya; Kropfmiihl, Bavaria; and Czeskey Krumlov, Czechoslovakia. Epigenetic deposits are rare and are of three types: fracture-filling veins, replacements, and metamorphic segregations (Weis and others, 1981) . Of these, the vein deposits of Sri Lanka are 10 the most important economically. The United States has graphite vein deposits of scientific interest at Dillon, Montana; Ticonderoga, New York; and in New Hampshire. The exhausted Borrowdale deposit in Cumberland, United Kingdom, is thought to have been a replacement deposit (Strens, 1965) .
In Sri Lanka, the deposits are in high-grade metamorphic rocks of Archean age (greater than 2,500 m.y. old). The graphite commonly occurs as fracture fillings, especially in openings related to structural disturbances that postdate the highgrade metamorphism. Some of this graphite is extremely high grade, having over 99 percent fixed carbon. Graphite from these deposits is marketed as "lump graphite" (chips, dust, and flying dust).
The origin of vein graphite deposits has long been questioned (Winchell, 1911; and Bastin, 1910, 1912) and is chronicled briefly by Silva (1987) . There is no doubt that the carbon in graphite veins has been transported.
Explanations offered for the origin of vein graphite include migration in the solid state into rock openings (Erdosh, 1970) , formation from the release of carbon from the chemical breakdown of carbonate rocks during metamorphism (Salotti and others, 1971) , or mobilization in the semifluid state aided by magmatic fluids (Dissanayake, 1981) . The debate about the origin of vein graphite continues. Recently, Rumble and Hoering (1986) , Katz (1987) , and Silva (1987) have suggested that these deposits formed from hydrothermal fluids, as do veins in metallic mineral deposits, but they disagree on the source of the carbon. Rumble and Hoering propose that metamorphism of biogenic material in common sediments produced aqueous fluids that transported carbon, in the form of methane and carbon dioxide, into fluid-filled cracks. Graphite precipitated along vein walls when fluids having different ratios of methane and carbon dioxide were mixed. Katz (1987) and Silva (1987) suggest that Sri Lankan vein graphite formed under high-pressure and high-temperature metamorphic conditions. Katz postulated a deep-seated origin for the carbon with only minor biogenic contributions, while Silva suggested the graphite at Bogala mine originated from a mixing of pegmatitic fluids with those generated during decarbonation of siliceous marbles. Possible problems with these suggestions are (1) it would appear that the reactions suggested by Rumble and Hoering would require movement of methane and carbon dioxide from cooler to hotter environments and (2) the processes proposed by both Katz and Silva appear to require high pressure and temperature environments, but the veins are post-high-grade deformation and metamorphism.
Graphite is not susceptible to weathering. As a consequence, the weathering of graphitebearing metamorphic rocks may lead to secondary enrichment because of the gradual separation of the graphite from silicate gangue material and any sulfides present. Such zones of alteration above primary graphite occurrences are especially good for mining the crystalline flake variety. As a result of weathering, the zones can usually be mined in open pits and the ore processed to highgrade graphite concentrate at low cost.
Apart from the deposits shown in figure 4 and listed in table 12 of Part II, minor deposits and occurrences are known in Argentina, Burma, Mongolia, Mozambique, Pakistan, Spain, the Sudan, Tanzania, Thailand, Thrkey, and Uruguay. It proved impossible to collect information in the 11 case of numerous deposits and small mines in certain countries, especially China, India, Mozambique, North and South Korea, and Zambia. It is believed that the deposits included in the inventory represent more than 90 percent of world production and certainly more than 75 percent of known world resources.
NATURAL GRAPHITE RESOURCES
The value of graphite, like most industrial nonmetallic mineral commodities, depends at least as much on accessibility and acquisition, processing and transportation costs, consumer habits, perceptions regarding the applicability of various forms of graphite and graphite substitutes, and current political conditions as it does on such things as physical form, purity, nature of hnpurities, and the like.
World graphite resource figures by country have not been published, and it is likely that such figures have been calculated for only a few countries. Reliable resource estimates for individual occurrences are available only in exceptional cases, such as for certain Canadian deposits. Often, statements like "the recognized and presumed resources should be sufficient for several decades at the present rate of use," are th•~ most precise estimates found in published sources. Also, recent availability of Soviet and Chinese data is responsible for a portion of apparent changes in graphite resources, production, and consumption over the last several years. Tables 7 and 8 contain information on inplace and recoverable resources compiled Jfor the ISMI graphite inventory and also includE~ some conservative estimates. As with any commodity, calculation of recoverable product, by applying recovery rates for the appropriate processing technology, gives an insight into the resource and supply situation.
Bearing in mind that the figures for in-place resources are often gross approximations and that sophisticated statistical calculations thus would give only an unjustified appearance of aceuracy, the following general points may be made:
• Mining recovery rates are about 90 percent and 65 to 7 5 percent in open-pit and underground operations, respectively. • During the beneficiation of amorphous graphite ores, recovery rates often exeeed 90 percent. Kenya-----------N.r. N.r. N.r. 
Total------- N.r.
5,000
China-----·------100,000 127,000
N.r.
2,500 25.8 5,000 N.r.
4,000
North Korea----6,000 N.r.
N.r. 3 Includes recoverable resource categories r1M, r1S, r2E, and r2S ( fig. 1 ).
• Recovery rates for the beneficiation of crystalline flake graphite ores containing 15 to 30 percent fixed carbon are about 90 percent. Considerably lower recovery rates may apply in the beneficiation of lower grade ores.
CRYSTALLINE GRAPHITE RESOURCES
Known world resources of recoverable crystalline graphite considered to warrant economic exploitation (rlE) are equivalent to 9.7 million metric tons of graphite concentrate (table 7) . Recoverable resources that have been thoroughly investigated but that are at present marginally economic (riM) or subeconomic (rlS) are estimated to be equivalent to nearly 10 million metric tons of concentrate; while recoverable inferred (r2) resources are estimated to be about 209 million metric tons of concentrate equivalent, only part of which would be economic.
As seen in table 8, about two-thirds of global rlE crystalline graphite resources are concentrated in the 12 countries composing the low-and middle-income economy classes. The eastern European nonmarket economy class has over one-fourth of these world resources. Only about 7 percent of these resources are in industrial market economy countries. Large rlE resources in central economy countries, such as China and the Soviet Union however, are in low-grade (3-5 percent) ore which would possibly not be economically workable in western industrial market economy countries.
AMORPHOUS GRAPHITE RESOURCES
The world's three main sources of amorphous graphite are the metamorphosed coal deposits in Sonora, Mexico; the metamorphosed Thnguska coal deposits in Siberia, Soviet Union; and the large graphite province stretching from Inner Mongolia, China, into North and South Korea.
Other deposits, such as those in Austria and Czechoslovakia, are small in comparison. Additional, possibly major, resources of amorphous graphite exist in the metamorphosed Ecca coal of South Africa. World resources of economically workable (RlE) amorphous graphite amount to about 11.5 million metric tons; while inferred resources (R2), most of which are in Siberia, are estimated to be about 600 million metric tons (table 9). These resources have grades in the range of 40 to 90 percent fixed carbon, averaging about 80 percent. No refining is needed for most uses.
NATURAL GRAPHITE PRODUCTION
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As seen in table 10, world production of graphite increased from about 34 7,000 metric tons in 1973 to about 659,000 metric tons in 1986. There are, however, considerable uncertainties inherent in such figures. Sources such as U.S. Bureau of Mines' Minerals Yearbook and British Geological Survey's World Mineral Statistics often are not clear as to whether the estimated figures represent ore or concentrate, which may differ by a factor of 10 or more. This uncertainty makes it difficult to reach detailed assessments concerning the distribution of production in individual countries and of production trends among country groups; we do not attempt to make such assessments here. Despite these limitations, however, two observations may be made from table 10:
( 1) The proportion of world mining production by the centrally planned economy countries has increased significantly from about 50 percent in the period from 1973 to 1978 to more than 63 percent for 1979 to 1984 and (2) the proportion of Western World production by western industrial countries and develop- 
r. WESTERN WORLD TOTAL···-········-···-··
6,100 18,000 37,000 ing countries has remained constant at about 27 percent and 73 percent, respectively.
Western industrial countries········-····-······· Developing countries--···----·--------------------Central economy countries--------···-······-····
In 1986, the three leading graphiteproducing countries accounted for 62 percent of production. China, the largest producer, accounted for about 35 percent of natural graphite production; the Soviet Union, the second largest producer, about 17 percent; and South Korea, the third largest producer, about 10 percent. Some countries, such as Madagascar, Sri Lanka, and Zimbabwe, although accounting for a relatively small proportion of total production, are important suppliers of high-grade graphite.
14 Annual mine production by economic class of country (World Bank, 1986, p. 180-181) for the period from 1973 to 1986 is given in table 11 and figure 5. The proportion of annual mine production attributed to low-income economy countries rose significantly during the period as a consequence of major expansions in production, especially in China and India. For the same period, the share contributed by upper middle-income economy countries and industrial market economy countries decreased, as did the absolute quantities produced in these countries. The decrease in production in the upper middle-income economy country, continent, and economic grouping, 1973-86 (100) countries (which includes Mexico and South Korea) was partly a consequence of the depressed market for amorphous graphite. A shortcoming in the production figures is that classification by graphite product type, crystalline or amorphous, is available only for a few countries. Goosens (1982) , 1973-78, 1979-84, and 1985-86 by economic class of country. Economic classes are modified fro,m the World Bank (1986, p. 180-81) classification which is based principally on GNP per capita and, in some instances, other distinguishing characteristics. Countries having annual production of graphite (see world production of flake graphite of at least 180,000 metric tons. At the present annual rate of production, it may be assumed that there will be no exhaustion of flake graphite resources in the foreseeable future. While the information is incomplete, it is known that the main producers of crystalline graphite concentrates are China, North Korea, India, Brazil, and Madagascar, each of which provides more than 10 percent of the total and collectively about 60 percent. Sri Lanka, the Soviet Union, Norway, Zimbabwe, and Czechoslovakia each account for 5 to 10 percent of world crystalline graphite production and together produce 33 percent of the total. Annual world production of top quality crystalline graphite concentrates recently has been about 80,000 metric tons. Such high-priced grades are produced by Madagascar, Sri Lanka, Brazil, China, and the Federal Republic of Germany.
CONCLUSIONS
Natural graphite is strategic because of its use in crucibles and refractories related to metal production and because of the uneven global distribution of economically workable graphite resources. The main types of natural graphite are crystalline flake, crystalline lump, and amorphous. Each type of graphite has its individual set of characteristics and uses and originates from a specific type of deposit.
There are no equally suitable substitutes for crystalline flake graphite in applications such as crucibles and carbon-magnesite bricks. The quantities consumed are fairly large and in several applications are growing. In-place world resources of recoverable crystalline flake graphite in economically workable deposits are enormous, equivalent to 9.7 million metric tons of concentrate, compared with a current consumption of an estimated 180,000 metric tons of concentrate; only a small percentage of these resources, however, is in indus-17 trial market economy countries, but these countries do have sizable uneconomic and inferred resources.
Amorphous graphite competes with other materials such as coal or manufactured graphite in certain major applications such as steel production. Price determines whether graphite or a competitive material is used. In-place world resources of economically minable ore of natural amorphous graphite are about 11.5 million metric tons with an additional 950 million metric tons of marginal, subeconomic, and inferred resources. The main economically exploitable resources of amorphous graphite are in Mexico, South Korea, and China. Together these countries have about 80 percent of world economic resources and over one-third of the remaining reported uneconomic and inferred resources of amorphous graphite. Table 12 contains information from the International Strategic Minerals Inventory record forms for natural graphite deposits and districts. Only selected items of information about the geology, mineral production, and resources of the deposits are listed here; some of this information has been abbreviated because of space limitations.
PART II-SELECTED INVENTORY INFORMATION FOR NATURAL GRAPHITE DEPOSITS AND DISTRICTS
Summary descriptions and data are presented in the table as closely as possible to the way that they were reported in the inventory records. Data that were reported in units other than metric tons have been converted to metric tons for comparability. Some of the data in the table are more aggregated than in the inventory records, such as cumulative production totals that for some mines have been reported by year or by groups of years. Some of the abbreviations used in the inventory record forms have been used in this table; they are explained in the headnotes. 
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ISM! records for graphite deposits and districts
Resources: includes, for various resource categories, some or all of the following items (separated by semicolons): resource in thousand metric tons; U.N. resource classification (United Nation's Economic and Social Council, 1979; Schanz, 1980) 
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Do. Kim and others (1972) .
Do. Gallagher and others (1962) , Kim and others (1972) .
-----do. ------------------------150; R1E; 85 percent FC (1944 estimate) Do.
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Active Zhaoyang and Yantang (1984) , Vei Chow (1946) .
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Major producer in Inner Mongolia Do.
-----do.
---------------~--------1,000; R1 + R2 (1942 estimate) Do.
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------------------------Surface -----do.-----------------------------do.----------------------------do.------------------------
